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OPTICAL PANEL CAPABLE OF SWITCHING BETWEEN 
REFLECTIVE AND TRANSMISSIVE STATES 

Field of the Invention 

The present invention relates to an optical device which can be switched 
between a reflecting state and a transmitting state. The invention also relates to a 
switchable window and a transflective optical display, each comprising such a 
switchable optical device. 


10 


Rarlc ground of the Invention 

Windows which can be switched between an open (transmissive) and a 
closed (non-transmissive) state are commonly used in privacy windows and privacy 
curtains. Current technologies used in such windows are generally based on either 
15 optical absorption or optical scattering mechanisms. When an optically absorptive 
window is in the closed state, much of the light incident on the window is absorbed 
and the window appears darkly opaque. This type of window can be undesirable 
because of excessive heat buildup when the window is exposed to sunlight. 
Examples of such windows are electrochromic devices and liquid crystal display 
20 (LCD) shutters having absorbing polarizers. 

A window employing an optical scattering mechanism causes light to be 
diffusely scattered in the forward direction when in the closed state so that the 
window appears white. As a result, the window does not substantially block 
incident light and is not useful for energy control in structures such as homes and 
25 office buildings. Such a window is described in U.S. Pat. No. 4,435,047. 

Optical displays, such as LCDs, are widely used for laptop computers, 
hand-held calculators, digital watches, and the like. In the conventional LCD 
assembly, a liquid crystal panel with an electrode matrix is located between a from 
absorptive polarizer and a rear absorptive polarizer. In the LCD, portions of the 
30 liquid crystal have their optical state altered by the application of an electric field. 
This process generates the contrast necessary to display picture elements, or pixels, 
of information in polarized light 
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Typically the absorptive polarizers use dichroic dyes which absorb light of 
one polarization orientation more strongly than that of the orthogonal polarization 
orientation In general, the transmission axis of the front polarizer is "crossed" 
with the transmission axis of the rear polarizer. The crossing angle can vary 
5 between zero and ninety degrees 

Optical displays can be classified based upon the source of illumination. 
Reflective displays are illuminated by ambient light that enters the display from the 
front. Typically a brushed aluminum reflector is placed behind the LCD assembly. 
This reflective surface returns light to the LCD assembly while preserving the 

10 polarization orientation of the light incident on the reflective surface. 

It is common to substitute a backlight assembly for the reflective surface in 
applications where the intensity of the ambient light is insufficient for viewing. The 
typical backlight assembly includes an optical cavity and a lamp or other device 
that generates light. The backlight is powered by a battery in the case of a portable 

15 display device such as a laptop computer. Displays intended to be viewed under 
both ambient lit and backlit conditions are called "transflective". One problem with 
transflective displays is that the typical backlight is not as efficient a reflector as the 
traditional brushed aluminum surface. Also the backlight randomizes the 
polarization of the light and further reduces the amount of light available to 

20 illuminate the LCD. Consequently, the addition of the backlight to the LCD 
assembly makes the display less bright when viewed under ambient light. 

A passive transflector may be placed between the LCD and the backlight in 
a transflective display to improve the brightness of the display under both ambient 
lit and backlit conditions A passive transflector is an optical device which in a 

25 single state operates both as a transmitter and a reflector. Unfortunately, passive 
transflectors tend to be inefficient in both cases, typically transmitting only 30% of 
the light from a backlight and reflecting 60% of the ambient light while absorbing 
the remaining 10%. 

A third type of optical display incorporates a dedicated backlight which is 

30 on whenever the display is operating, regardless of the level of ambient light. Such 
a backlight can be a significant drain on the battery in a portable display device. 
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giimtnarv of the. Invention 

The present invention provides a device comprising a switchable optical 
panel comprising a transparent optically active layer having a first and a second 
major surface, a first reflective polarizer disposed on the first major surface, and a 
second reflective polarizer disposed on the second major surface. The device also 
comprises means for switching the panel between a reflecting state and a 
transmitting state. 

in one embodiment, the optically active layer comprises a liquid crystal 
, device having a pair of transparent substrates in parallel register and defimng a 
cavity between them. Each of the substrates has an inner surface facing the cavity 
and an outer surface. The liquid crystal device also includes a conductive material 
on the .m.er surface of each substrate and a liquid crystal material confined m the 
cavity In this embodiment, the switching means is a system of driving electronics 
;5 connected to the conductive material for applying vohage across the liquid crystal 
device The conductive material may comprise a matrix of thin film addressable 
electrodes on the inner surface of each substrate to form a pixellated liquid crystal 
device or a continuous transparent conductive layer on the inner surface of each 
substrlte. The liquid crystal device is preferably a twisted nematic liquid crystal 
20 device. 

The first and second reflective poUnzers preferably each contpnse a 
™ultaayered stack of pairs of adjacent material layers, each of the layer patrs 
exhibiting a refractive index difference between the adjacent layers .n a first 
direction in the plan, of the polarizer and exhibiting essentially no refracve tndex 
,5 difference between adjacent layers in a second direction in the plane of the 
polarizer and orthogonal to the first direction. 

Most preferably, the device comprises a switchable optical panel whtch 
includes a twisted nematic liquid crystal device comprising first and second 
transparent planar substrates in parallel register defining a cavity therebetween 
30 each substrate having an outer surface and an inner surface, and a liquid crystal 
material confined in the cavity The liquid ctystal device further includes 
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continuous transparent conductive layers on the inner surfaces of the substrates, a 
first reflective polarizer disposed on the outer surface of the first substrate and a 
second reflective polarizer disposed on the outer surface of the second substrate. 
The first and second reflective polarizers each comprise a stack of at least 100 
5 layer pairs, wherein each layer pair comprises a birefringent layer adjacent another 
polymer layer, which may be isotropic or birefiingent. The device also includes a 
system of driving electronics connected to the conductive layers, so that the panel 
is electronically switchable between a reflecting state and a transmitting state. 

Alternatively, the device may comprise a switchable optical panel which 

10 comprises a liquid crystal device including a pair of reflective polarizers in parallel 
register defining a cavity therebetween, the reflective polarizers each having an 
inner surface facing the cavity and an outer surface. The liquid crystal device 
fijrther includes a liquid crystal material confined in the cavity and transparent 
conductive layers on the inner surfaces of the reflective polarizers. The device 

15 fijrther includes a system of driving electronics connected to the conductive layers, 
so that the panel is electronically switchable between a reflecting state and a 
transmitting state. 

The invention fiirther provides a swatchable window comprising the 
switchable optical panel described previously and means for applying an electrical 

20 field to the switchable optical panel to swatch the panel between an open state and 
a closed state. Each of the reflective polarizers in the switchable optical panel is 
preferably a multilayered sheet as described previously. The window may also 
include at least one transparent pane positioned adjacent and parallel to the 
switchable optical panel. 

25 The window may be arranged in a "normally open" or "normally closed" 

configuration. In a normally open configuration, the window is transmissive in the 
absence of an electrical field while in a normally closed configuration, the window 
is non-transmissive in the absence of an electrical field. 

The invention fijrther provides a window which is mechanically switchable 

30 between an open and a closed state The window comprises a first transparent 
pane having first and second major surfaces, a first reflective polarizer disposed on 
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10 


15 


20 


25 


the firs, ,ranspa,.n. pane, and a, .eas, one *u,.er which includes a second 
transparent pane, a second reflective polarizer disposed on .he second transparent 
pane, and an optically active layer disposed on a side of .he second transparent 
pane opposi.e .he second reflecive polartzer. The ,vindow also includes means for 
r„,a.ing .he shu..er .o posiuon ei.her .he op<ically acive layer or .he second 
reflecive polarizer adjacen. and parallel .o .he first reflective polanzer. 

The switchable window of this invention pennits electronic or mechanical 
con.rol of window .ransmission for purposes of privacy, ligh, control and energy 
control in buildings, houses, and autontobiles^ The window does not absorb 
sigmfican. amounts of ou.door ligh.. .hereby avoiding .he excessive w,„dow 
hea.ing charac.eris.ic of optically absorptive windows. 

The invention further provides a .ransflective optical display which mdudes 
a hquid crys.al display device comprising a from absorptive polarizer, a rear 
abson.tive polarizer and a pixellated liquid crystal device located .herebetiveen. a 
backligh. poshioned proximare .o .he liquid c^s.al display device for illumi,,a.,ng 
.he liquid crysral display device, an optical diffi.ser locared be.ween .he l,qu,d 
crys.al display device and .he backlight, and a swi.chable .ransflec.or locared 
between .he op.ical diBuser and the backlight. The s^tchable transflector includes 
a non-pixellated liquid costal device having a from surface located adjacen. .o .he 
rear absorp.ive polarizer and a rear surface, .he hquid crysral device having a from 
augnmem direciion assoc,a.ed wi.h the from surface and a rear ahgnmem d,rect.on 
associated with .he rear surface and a reflective polarizer disposed on .he rear 
surface of .he non-pixella.ed liquid crystal device and proxima.e .o .he back),ght 
The optical display further includes means for eleCronically swi,ch.ng .he 
transflector between a reflecting state and a transmitting state. The polarization 
oriemation of .he rear absorp.ive polarizer is parallel .o .he from aligmnen. 
direction of .he liquid costal device The reflective polarizers are preferably each a 
multilayered sheet as described previously. 

The swirchable .ransflecor is efficiem in bo.h a .ransmissive and a 
reflecive s.a.e. allowing a transflcctive optical display of this invem.on to use a. 
leas. of .he available ligh, for illumina.ion of the LCD regardless of ,he l,gh. 


30 
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source Because of the transflector's efficiency, the backlight can be turned off 
under normal ambient light conditions in order to increase the life of the battery. 

Brief Description of Drawing 
5 FIGURE 1 is a schematic perspective view of a switchable optical device 

according to one embodiment to the present invention. 

FIGURE 2 is a schematic perspective view of a portion of a reflective 
polarizer for use with the present invention. 

FIGURE 3 is a schematic perspective view of a switchable optical panel 
10 according to one embodiment of the present invention 

FIGURE 4 is a schematic perspective view of the panel of FIGURE 3 after 
an electric field has been applied 

FIGURE 5 is a schematic side view of a switchable window according to 
one embodiment of the present invention. 
15 FIGURES 6a, 6b, 7a, and 7b are side schematic views illustrating the 

operation of the switchable window of FIGURE 5. 

FIGURE 8 is a schematic perspective view of a switchable window 
according to one embodiment of the present invention. 

FIGURE 9 is a schematic side view of a transflective optical display 
20 according to one embodiment of the present invention 

FIGURES 10 and 1 1 are schematic side views illustrating the operation of 
the transflective optical display of FIGURE 9. 

FIGURES 12-14 show the optical performance of the reflective polarizers 
in Examples 1-3, respectively 
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^^"^^f^fl ,his invemion co,„pris« a switchable opta, panel which 
includes a .ransparem optically active layer having .wo major surfaces, a firs, 
reflecrive polaH.. disposed on one major surface of .he op.ica.ly acve ayer and a 
, second reflecive polaH^ disposed on ,he o.her major surface The devrce ^ 

FIGURE 1 shows a preferred embodinren, of the device. Device 8 includes 
swhchable op.ical pan. .0, in which ,he op.icMly aCive ^^y^ """'"^J^^;^^ 
,„ costal device .2. Li,uid c^s.a, dev.ce 12 comprises a pair of .ransparen. pla^ 
sls.ra.es ,4 and 16 in parallel regisrer. overlying and spaced apar, from one 
..her. The periphe. of .he suhs.ra.es are joined and sealed »..h an ad e.ve 
.ealan. (no. shown) .0 define an enclosed cav,.y. The cav,.y ,s filled^ .a ^ 
.rysul ma.eria, IS A conducive ma.ertal is provided on ,he ,nn. sur^ of *e 
„ sl.ra.es .o allow voLage .0 he applied across ,he liquid crysral .narcal. Th 
onducive ma.eHa, may he in .he fo™ of con.inuo„s .ransparen. con ucve ay^ 
.0 ana 22 as shown in FIGURE 1, or a ma.r,. of .hin film addressable elecrodes 
,0 form a pixella.ed ,i,uid crysral device. A pixella.ed .„u,d crysla, devce , 
comprised f .housands of small picure elements, or -pixels-, which can be mad 
,0 appear blaC, whi.e, or possibly gray. When used as par. of a standar l^ d 
crylal display (LCD), an image can be displayed by appropr-ate man,pula..on of 
the individual pixels. 

.ransparem conducive layers cause a desired oHen.a.ion of the H<,u,d cy.« 
. J.. IS a. i.s .merface ..h each substrate. Arrows 2S and 3 .ow ow 
molecules of the ,i<,uid crystal ma.ena, are ahgned ,n apprc.ma.el a .0 .„ b 
.he alignmem layers 24 and 26 in .he absence of an elecu.cal field. The h,u^ 
crysral device is preferably a .wisted nemaiic (T.) liquid costal devree havmg n 
Jgle of ro.a.ion of between 0" and 90", more preferably between 80 an 90 ^ 
,0 Amatively, the ,i,uid c^tal device may be a super tw,s.ed nemat. ev. 
(STN) having an angle of rotat.on between ,S0» and 270- Other types of LCDs, 
such as ferroelectric LCDs, may also be used 
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Substrates 14 and 16 may be made of glass or plastic materials which are 
optically transparent, have low birefringence, and have reasonable dimensional 
stability under the conditions encountered during the manufacture and use of the 
switchable optical devices In order to maintain uniform spacing between the 
5 substrates, one of several known spacing methods must be employed. For 
example, beads or fibers may be incorporated into the cavity between the 
substrates, or at least one substrate may be molded to form integral spacing ribs as 
described in U.S. Pat. No. 5,268,782 

Referring again to FIGURE 1, reflective polarizers 32 and 34 are disposed 

10 on the outer surfaces of substrates 14 and 16, respectively. In general, a reflective 
polarizer of this invention has the effect of separating randomly polarized light into 
its plane-polarized components Randomly polarized light can be viewed as the 
sum of two orthogonal plane-polarized components of equal magnitude having 
polarization states (a) and (b). Under optimum conditions, the reflective polarizer 

15 transmits all of the light having polarization state (a) which is orthogonal to the 
stretch direction of the polarizer, and reflects light having polarization state (b). 
The polarization orientation of reflective polarizer 32 may be oriented parallel (e- 
mode) or orthogonal (o-mode) to the alignment direction of liquid crystal 12 as 
shown by arrow 30. The polarization orientations of reflective polarizers 32 and 

20 34 may be orthogonal to one another (crossed) or parallel 

Device 8 preferably includes a birefringent compensation film (not shown), 
such as an optical retarder, e.g., a negative birefringent optical retarder. The 
birefringent compensation film is provided between substrate 14 and reflective 
polarizer 32 and/or between substrate 16 and reflective polarizer 34. Such films 

25 allow device 8 to maintain desirable optical characteristics over the visible 
wavelength range and at off-normal angles 

FIGURE 2 is a schematic perspective diagram of a segment of a preferred 
reflective polarizer 36. The figure includes a coordinate system 38 that defines x, y 
and z directions Reflective polarizer 36 is a multilayered stack of alternating 

30 layers of two different materials The two materials are referred to as material *'A" 
and material "B" in the drawing and description Adjacent layers 41 and 43 of 
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™,erial A and material B comprise a. exemplary layer pair M. Layer pair 44 
exhibits a refractive index difference between adjacent layers 41 and 43 assoaated 
„Hh the X dire^ion, and essentially no refractive index difference between layers 
41 and 43 associated with the y direction 

in a prefetred embodiment of the device of this invention, the first and 
second reflective polari»rs each comprise a multilayered sheet of altemating layers 
of materials A and B in w«ch each of the laye. has an average thiclcness of no. 
more than 0.5 .m. A layer of materia, A adjacent to a layer of maten^ B 
comprises a layer pair. The number of layer pairs is preferably in the range from 
,0 about 10 to 2000. and more preferably about 200 to 1000. 

The multilayered sheet is formed by coextrusion of materials A and B .nto a 
sheet followed by uniaxial stretching in the x direction. The stretch ratio is defined 
as the drmension after stretch divided by the dimension before stretch. The s,r«ch 
ratio is preferably in the range from 2:1 to .0:1, more preferably 3:1 to S:l. and 
„ most preferably 4:1 to T l.e.g. 6:1. The sheet is not appreciably stretched ,n the y 
direction. Material A is a polymeric material chosen to exhibit a stress-mduced 
biremngence. or change in index of refracon with stre.ch,ng. For example, a 

. • ! A ^^t\w have one index of refraction, nAx, 
uniaxially stretched sheet of matenal A will have 

associated with the stretch direction (n„=l -88. for example) and a drfferent mdex 
» of refraction, n... associated with the transverse direction (n.=. .64. for exatnpiey 
Materia, A exhib.ts a difference in ,ndex of refraction between the stretch and 
.„nsverse d.rections (n„-n«) of a. least 0.05. preferably at leas. 0.10. and more 
preferably at leas. 0.20. Materia, B is a polymeric marerial chosen such .ha. ,.s 
refractive index, n.„ is subs.an.,al>y e,ual to n„ after the muhiiayer film ,s 
25 stretched. Upon stre.ch,ng, .he value of n,.preferably decreases. 

After stretching, the multilayered sheet of this embodiment shows a large 
difference in index of refraction between adjacent layers associated with the stretch 
direaion (defined as An. - n„ - n.) ,n the transverse direction, however the 
index of refraction difference between adjacent layers rs substantially zero (defined 
30 as An,= n„ - n,). These optica, characterisucs cause the multilayered s«c. to act 
as a reflective polarizer tha, w,„ transmit the polarizat.on component of randomly 
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polarized light that is parallel to transmission axis 40 shown in FIGURE 2. The 
portion of light which is transmitted by reflective polarizer 36 is referred to as 
having polarization state (a). The portion of light which does not pass through 
reflective polarizer 36 has polarization state (b) which corresponds to extinction 
5 axis 42 shown in FIGURE 2. Extinction axis 42 is parallel to the stretch direction 
X Therefore, (b)-polarized light encounters the index of refraction difference Anx, 
which results in its reflection. The reflective polarizer is preferably at least 50% 
reflective of (b)-polarized light and more preferably at least 90%. The third 
refractive index differential, Anz, is important for controlling the off-axis reflectivity 

10 of the reflective polarizer. For high extinction ratios of the (b)-polarized, and for 
high transmission of (a)-polarized light, at large angles of incidence, it is preferred 
that Anz = Haz - nBz < 0.5 An^, more preferably less than 0.2 Anx, and most 
preferably less than 0.1 An^. 

The optical behavior and design of such reflective polarizers is described in 

15 more detail in Assignee's copending application, U.S. Serial No 08/402041, filed 
March 10, 1995, entitled "Optical Film." 

One of ordinary skill will be able to select materials appropriate to achieve 
the desired refractive index relationships. In general. Material A may be selected 
from a semi-crystalline polymeric material, such as a semi-crystalline naphthalene 

20 dicarboxylic acid polyester or polyethylene naphthalate (PEN) and isomers thereof 
(e.g., 2,6-, 1,4-, 1,5-, 2,7-, and 2,3-PEN). Material A may also be selected from 
other semi-crystalline polymer materials, such as polyethylene terephthalate (PET), 
polyethylene isophthalate (PEI), and copolymers of PEN, PET, and PEL As used 
herein, coPEN includes copolymers of PEN and coPET includes copolymers of 

25 PET. Material B may be a semi-crystalline or amorphous polymeric material, such 
as syndiotactic polystyrene (sPS), and copolymers, e.g., coPEN, coPET, and 
copolymers of Eastar, which is polycyclohexanedimethylene terephthalate 
commercially available from Eastman Chemical Co. The coPEN described may also 
be a blend of pellets where at least one component is a polymer based on 

30 naphthalene dicarboxylic acid and other components are other polyesters or 
polycarbonates, such as a PET, a PEN or a coPEN Materials A and B are 

- 10 - 
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preferably chosen to have similar rheological properties (e g , meU viscosities) such 
that they can be coextruded. 

The reflective polarizer is prepared by coextruding material A and matenal 
B to form a muUiiayered film and then orienting the film by stretching substanttally 
, in one direction (uniaxially) at a selected temperature, optionally followed by h^t- 
setting at a selected temperature. The film may be allowed to dimensionally relax 
in the cross-stretch direction (orthogonal to the stretch direction) in the range from 
the natural reduction in cross-stretch dimension (equal to the square root of the 
stretch ratio) to no reduction in cross-stretch dimension (correspondmg ,o 
,„ complete constrain.) The film may be stretched in the machine direction, as with a 
length orienter, or in the width direction, as with a tenter. 

U will be apparent to one of ordinary skill to select a combinatton of 
process variables such as stretch temperature, stretch ratio, heat se, temperature 
and cross-stretch relaxation, to yield a reflective polarizer having the destred 

15 refractive index relationship 

in a particularly preferred embodiment, the multilayered sheet composes a 
stack of layer pairs of materials A and B as described above, in which the stack ,s 
divided ,nto one or more segments of layer pairs. Each segmem is designed to 
have maximum refiectivtty of light having a bandv^dth by having layer patrs ^ch 
,0 with a combined thickness of about one half of the wavelength in the center of the 
bandwidth for that segmem. The combinatton of segments having differen. layer 
pair thicknesses allows the reflective polarizer to reflect light having a relauvely 
large bandwidth 

For example, the multilayered sheet may include ten segments havtng layer 
pairs with a combined ,h,ckness ranging fiom 100 nm to 200 nm Each segment 
may include berween 10 and 50 layer pairs. This polarizer ,s capable of reflectmg 
„gh, having wavelengths m the range from 400 to 800 nm. Alternatively, the 
thicknesses of the layeted pairs may be continuously graded from ,00 to 200 nm. 
rot optical coverage of wavelengths between 400 and 2000 nm, the pa,r 
JO thicknesses should range from about 100-500 nm 
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Although the multilayer optical film described above is preferred for the 
reflective polarizers, other reflective polarizers may be used, such as 
microstructured MacNeille polarizers and cholesteric polarizers having a quarter- 
wave plate attached thereto 
5 The reflective polarizers may be laminated to the LCD or adhered to the 

LCD at the edges of the LCD, or they can be mechanically secured to the LCD. 

Referring again to FIGURE 1, an electrical field can be applied to the liquid 
crystal material 18 via conductive layers 20 and 22 using a system of driving 
electronics such as electrical source 19 via leads 21 and 23. When the field is 

10 applied, the liquid crystal molecules over the entire area re-orient and "untwist" 
due to the dielectric anisotropy of the molecules This behavior allows the 
molecules to rotate polarized light by 90° when in the twisted state and transmit 
light without rotation when in the untwisted state. When used in combination with 
reflective polarizers 32 and 34, this ability to rotate polarized light provides a 

15 means for switching switchable optical panel 10 between a reflecting state and a 
transmitting state. 

For pairs of identical reflecting polarizers, the reflectivity of the optical 
panel will be approximately doubled when switched from the transmitting state to 
the reflecting state (ignoring front and back surface reflections of the polymers and 

20 the conductive material). This value of the reflection ratio changes very little with 
the quality of the reflecting polarizer. However, the transmission ratio of the 
transmitting and reflecting states depends strongly on the extinction value of the 
two polarizers For very leaky polarizers, say 50% extinction of the high extinction 
polarization (perfect extinction being 100%), the transmission of the panel in the 

25 transmitting state will be 75%, and for the reflecting state, 50%. The transmission 
ratio for this "leaky*' optical panel is only 1.5. Optical panels having a transmission 
ratio of 1.5, while not very useful as privacy shutters, could still provide significant 
energy control on exterior windows of buildings or cars. For good polarizers with 
99.9% extinction, the transmission in the closed state will be only 0.1%, while in 

30 the transmitting state it will be roughly 50% transmissive, yielding a transmission 
ratio of 500 
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The extinction value of a given polarizer depends on the optical bandwidth 
of interest to the user. For laser applications, narrow bandwidths are sufficient. 
Privacy window bandwdths must cover at least all of the visible spectrum, while 
solar energy control windows desirably cover both the visible and near infrared 
5 portions of the spectmm (400-1200 nm). The multilayer film reflecting polanzer 
described above is capable of covering any of the above bandwidths. 

To illustrate the switching concept, FIGURE 3 shows a schematic 
perspective diagram of a switchable optical panel 46 in which a ray 48 of randomly 
polarized light containing both polarization states (a) and (b) strikes reflective 
10 polarizer 50. Of the light comained in ray 48, light having polarization state (b) 
(represented by ray 52) is reflected, while light having polarization state (a) 
(represented by ray 54) is transmitted by reflect.ve polarizer 50. In the absence of 
an electrical field, liquid crystal 56 causes the polarization state of ray 54 to be 
rotated about 90° , after which it is transmitted by reflective polarizer 58 (which .s 
15 crossed with respect to reflective polarizer 50) Thus, switchable optical panel 
having crossed reflective polarizers 50 and 58 is substantially transmiss.ve. This ts 
referred to as a "normally open" state Under optimum conditions, the optically 
switchable film is 500/o transmissive. Due to residual absorption, incomplete 
rotation of polarizat.on, front and back reflections, and reflection from the 
20 conductive layers (not shown), the transmission is generally in the range from 
about 25 to 40%. 

When an electrical field is applied to switchable optical panel 46 as shown 
in FIGURE 4, ray 48 is once again divided by reflective polarizer 50 into a 
transmitted ray (shown as ray 55) and reflected ray 53. In this s.tuafion, however, 
25 ray 55 passes through liquid crystal 56 unrotated, and is reflected by reflect.ve 
polarizer 58, The reflected light, shown as ray 60, passes again through hqu.d 
crystal 56 unrotated and finally -s transmitted by reflective polarizer 50. Thus, 
switchable optical panel 46 is almost fi.lly reflective in this state. Absorptive losses 
in the conductive layers and in the reflective polarizers are small, e.g., « 1-5%. 

It will be understood that the optical behavior of switchable optical panel 
46 can be transposed (, e , the panel becon.es transmissive when an electrical field 
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is applied and reflective in the absence of an electrical field) by positioning 
reflective polarizers 50 and 58 in parallel with respect to one another rather than 
crossed. This is referred to as a "normally closed" state. 

Alternatively, it may be desirable to have the reflectivity of the switchable 
5 optical panel be adjustable along a gray scale. Such adjustability is achievable by 
using a twisted nematic liquid crystal device and varying the voltage applied to 
adjust the intensity of the transmitted light. This approach may be difficult, 
however, because a uniform gray scale requires precisely uniform spacing of the 
substrates and uniform alignment of the liquid crystal molecules across a large area, 

10 as well as uniform temperature and electrical field. Slight variations in these 
conditions will cause variations in reflectivity across the display, creating a mottled 
appearance Alternatively, an effective gray scale can be implemented by using a 
pixellated liquid crystal and switching only a certain fraction of the pixels to give 
the appearance of grayness (from a distance) to a human viewer. 

15 In an alternative embodiment, the switchable optical panel comprises a pair 

of reflective polarizers such as those described previously, positioned in parallel 
register and spaced apart from one another to form an enclosed cavity in which a 
liquid crystal material is confined. The reflective polarizers thereby act in place of 
the substrates of the liquid crystal described previously. This embodiment will be 

20 understood to include the conductive layers, alignment layers, diffLision barriers 
and any other suitable elements associated with the substrates of the previous 
embodiment 

Other embodiments of this invention may include various birefringent 
materials in the optically active layer other than the liquid crystal device previously 

25 described, including uniaxially oriented birefringent thermoplastics and switchable 
polymer-dispersed liquid crystal devices such as those disclosed in U.S. Patent No. 
4,435,047. The means for switching the film from a reflecting to a transmitting 
state is chosen based on the characteristics of the birefringent material and the 
application in which the film is to be used For instance, the means for switching 

30 may include stretching the optically active layer to alter its birefringence, or 
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removing the optically active layer from between the reflective polarizers to 
prevent the rotation of plane-polarized light. 

FIGURE 5 is a schematic diagram of a switchable window 62 of this 
invention. Window 62 comprises a pair of transparent panes 64 and 66 and an 
5 switchable optical panel 68 positioned between the panes. Switchable optical panel 
68, as previously described, preferably comprises a liquid crystal device 70 
comprising a pair of transparent planar substrates 72 and 74 in parallel register, a 
liquid crystal material 76 confined in the cavity between the substrates, and 
conductive layers 78 and 80 disposed on the inner surfaces of substrates 72 and 74. 
10 Reflective polarizers 82 and 84 are disposed on the outer surfaces of substrates 72 
and 74, respectively, and may be crossed or parallel with respect to one another. 
For the purpose of subsequent discussion, reflective polarizers 82 and 84 are 
considered to be parallel Absorptive polarizers 86 and 88 are preferably placed on 
the surfaces of reflective polarizers 82 and 84, as shown in FIGURE 5, with the 
15 polarization orientation of each absorptive polarizer parallel to the transmission 
polarization orientation of the reflective polarizer on which it is placed. 
Conductive layers 78 and 80 are connected to an electrical source 94 by means of 
leads 90 and 92, or other like means. 

Transparent panes 64 and 66 may be made of glass or other transparent, 
20 rigid, weather-stable materials suitable for use in windows. Reflective polarizers 
82 and 84 preferably each comprise a multilayered stack of alternating polymeric 
material layers as discussed previously and shown in FIGURE 2. Absorptive 
polarizers 86 and 88 may be any of several types which are well known in the art. 
such as dichroic polarizers based on iodine or dye-stained oriented polyvinyl- 
25 alcohol. Alternatively, the absorptive polarizers can be included in the skin layer of 
the reflective polarizer. 

FIGURES 6a, 6b, 7a and 7b illustrate the operation of switchable window 
62. In FIGURE 6a, an electrical field is applied to the window through leads 90 
and 92, causing liquid crystal material 76 to "untwist" as described previously. An 
30 exemplary ray of randomly polarized outdoor light 96, such as sunlight, containing 
equal amounts of polarization states (a) and (b), passes entirely through pane 64. 
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A portion (close to 50% for a good reflective polarizer) of ray 96 which is 
reflected by reflective polarizer 82 is shown as ray 98 having polarization (a). The 
remainder of the light (having polarization (b)), shown as ray 100 passes through 
absorptive polarizer 86 and liquid crystal 70 without rotation, and is finally 
5 transmitted by reflective polarizer 84 and absorptive polarizer 88 for viewing 
indoors. Because the window is about 50% transmissive in this state, it is referred 
to as the "open" state. 

In the same state, an exemplary ray of randomly polarized indoor light 102 
passes through pane 66 as shown in FIGURE 6b. The component of ray 102 

10 having (a) polarization is absorbed by absorptive polarizer 88 before reaching 
reflective polarizer 84. The remainder of the light, shown as ray 104, is (b)- 
polarized and is transmitted through the rest of the window. The absorptive 
polarizer 88, therefore, absorbs indoor light which would otherwise be reflected 
back into the room by reflective polarizer 84, thereby preventing an undesirable 

15 mirrored appearance. 

To switch v/indow 62 to the reflective ("closed") state, the electrical field is 
removed so that the liquid crystal material 76 reverts to a twisted configuration. In 
this state, depicted in FIGURE 7a, an exemplary ray 106 of outdoor light is about 
50% reflected by reflective polarizer 82 as described for the "open" state. The 

20 reflected light is shown as ray 108 having (a) polarization. The remainder of the 
light, shown as ray 110 having (b) polarization, is transmitted by absorptive 
polarizer 86 but is rotated to (a) polarization by liquid crystal 70. The resulting 
light is reflected by reflective polarizer 84, re-rotated by liquid crystal 70 and 
transmitted by absorptive polarizer 86, reflective polarizer 82 and pane 64 back 

25 outdoors. Referring to FIGURE 7b, the (a) polarization component of a ray 112 
of indoor light is absorbed by absorptive polarizer 88, while the (b) polarization 
component (shown as ray 1 14) is absorbed by absorptive polarizer 86. A window 
62 in the "closed" state therefore appears mirror-like to a viewer outdoors in 
daylight, and dark to a viewer indoors. 

30 In another embodiment, switchable window 1 14 is depicted in FIGURE 8 

The window includes a shutter 116, a transparent pane 118 and a reflective 
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polarizer 120. Shutter 116 includes a transparent pane 122 with a birefringent 
layer 124 on one side and a reflective polarizer 126 on the other side. Birefringent 
layer 124 is preferably a polymeric sheet, such as PET. For highest transmission, 
the sheet is an achromatic 1/2 wavelength retarder or an LCD. In any event, layer 
5 124 should be oriented for maximum transmission. Reflective polarizers 120 and 
126 are crossed. 

Shutter 116 is rotatably mounted about pivot point 123. for example to a 
window frame, so that the shutter can be positioned in an "open" position or a 
"closed" position. Suitable means for rotation include manual or motorized 

10 motion, e.g., for Venetian blinds. Three identical shutters are shown in FIGURE 8 
which are mounted a distance apart so that they may freely rotate, but are able to 
form a continuous panel when mechanically closed. The switchable window of this 
invention may include only one shutter, or a plurality of shutters. Transparent pane 
118, having reflective polarizer 120 on one surface, is maintained in a fixed 

15 position. 

In one example of an "open" position, the shutter is rotated so that 
birefringent layer 124 is adjacent and parallel to reflective polarizer 120. In this 
position, the birefringent layer 124 lies between reflective polarizers 120 and 126. 
Randomly polarized light rays striking window 114 are therefore partially 
20 transmitted and partially reflected due to the rotation of plane-polarized light by 
birefiingent layer 124, in the same manner as described for the previous 
embodiment of the switchable window. In a corresponding "closed" position, 
shutter 116 is rotated so that reflective polarizer 120 is adjacent and parallel to 
reflective polarizer 126. and birefringent layer 124 is facing away from reflective 
25 polarizer 120. In this position, birefringent layer 124 is not in a position to affect 
the rotation of plane-polarized light transmitted by reflective polarizers 120 and 
126. Because reflective polarizers 120 and 126 are crossed, plane-polarized light 
transmitted by one reflective polarizer is reflected by the other reflective polarizer, 
leading to a substantially reflective window when viewed either from the outside or 
30 the inside. 


- 17 - 


wo 97/01789 


PCT/US96/08303 


Optionally, at least one absorptive polarizer may be placed on the inside 
(viewer side) of reflective polarizer 120, or between reflective polarizer 126 and 
pane 122, or both. The polarization orientation of the absorptive polarizer is 
parallel to the polarization orientation of the reflective polarizer adjacent to it. The 
5 absorptive polarizer provides anti-reflective properties as described in the previous 
embodiment. 

A particular feature of this embodiment is that whether the window is in an 
"open" or "closed" state, the shutters are always physically closed to form a 
continuous panel. This feature gives the window good transmission from any angle 
10 of view, and provides better thermal insulation than if the shutters were physically 
open 

FIGURE 9 is a schematic diagram of a transflective optical display 128 
including a liquid crystal display (LCD) device 130, a backlight 132, an optical 
difiuser 134, and a switchable transflector 136. Typically the complete 

15 transflective optical display 128 will be planar and rectangular in plan view as seen 
by observer 129 and will be relatively thin in cross section with the components in 
close proximity to each other. The optical display 128 also includes electronic 
means (not shpwn) for switching transflector 136 between a reflecting state and a 
transmitting state, such as an electrical source and leads as described previously. 

20 LCD device 130 is a well known construction, including a front absorptive 

polarizer 138, a rear absorptive polarizer 140 and a pixellated liquid crystal panel 
142. The LCD device is designed to display information and images by means of 
pixel areas which can be switched on or off by a matrix of addressing electrodes in 
a manner which is well known in the art. 

25 The backlight 132 may be an electroluminescent panel, a cold cathode 

fluorescent lamp in a reflective housing, or coupled to a light guide. The backlight 
should have low absorbence and be diffuse. 

The optical diffuser 134 promotes viewing of the LCD at a wide range of 
viewing angles The optical diffuser 134 is typically a sheet of a polarization 

30 preserving material such as transparent spherical particles in a non-birefringent base 
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mn, If .he difluser does „C preset polarization, more Ugh, - be absorted b, 

dichroic polarizer 140. 

Switcbable .ransflector 136 Includes an optional reflecve polanzer 144 a 
non-pi.ella.ed liquid ctystal device .46 and a reflective polarizer MS. The 
3 polarization orien.a.ion of reflective polarizer 144 (if used) tnust be parallel o the 
olarizaticn orien.a.io„ of absorptive polarizer HO. The liquid cr,s.. 
comprises a fton. substrate 150 and a rear substrate .52 enCostng hqutd co-sta. 
material .54. The „on-pixe.la,ed hquid crystal device also includes conttnuous 
.„„spar«,. conducive layers ,56 and 158 which enable the -i" area o 
,„ switchable transflector ,36 to be elearonicaUy switched between a ~ 

t.nsmit.in. state in the manner described previously The liquid ^^^ -^Z 
also includes alignment layers (not shown) which provide a ..ont a gnm^ 
dtrection associa.ed with the fton. substrate and a rear alignment dtrectton 

associated with the rear substrate. 

Reflective polarizers ,44 and .48 are preferab.y each a multtlayered stack 
of alter^ting layers of two different materials, as was described with reference to 
FIGURE 2. Most preferably, reflective polarizers .44 and 148 each compnse 
.ac. of auemating layers of PEN and coPEN in the configuration descnbed 

,„ '"°''"* general, switchable transflector 136 is intended to be transmissive when 
,CD device 130 is illuminated by backlight ,32 When backlight ,32 ,s shut off 
and LCD device ,30 is viewed in ambient light, switchable transflector .36 
becomes reflective so as to increase the brightness and contrast of the d,sp,ay^ The 
operation of transflective opt.ca, display .28 is iflustrated in FIGURES 10 and „. 

,„ a prefetred backlit mode of transflective optical display .28, shown m 
™ 10, an electrical field is applied to transflector ,36 and reflectwe 
polarizers ,44 and ,48 are parallel Exemplary ray 164 of randot^y pola-^edhgh 
containing polarization states (a) and <b) is produced by backhg . , 2 T 
portion of ray ,64 having (b) polarization is transmitted w,thou. rotat.o by 
Ltchable transflector 136, stnce an electrical field applied to the sw„c,«W 
transflector -untwtsts- the hquid crystal material inside it and the polanzatton 
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orientations of reflective polarizers 144 and 148 are parallel. The transmitted light, 
shown as ray 168, passes through diffuser 134 and has the correct polarization to 
be transmitted by absorptive polarizer 140 Meanwhile, the portion of ray 164 
having (a) polarization, shown as ray 166, is reflected by reflective polarizer 148 

5 and returned to the backlight where it is scattered and depolarized. This light will 
re-emerge from backlight 132 as ray 170, which will be partially transmitted and 
partially reflected by switchable transflector 136. With repeated reflections and 
depolarizations in this manner, a large percentage of the light from backlight 132 
eventually is "recycled*' and passes through switchable transflector 136 with the 

10 correct polarization. 

It should be noted that reflective polarizer 144 is not required in switchable 
transflector 136 if Hquid crystal panel 146 is completely optically inactive in the 
powered state (i.e., all light transmitted by reflective polarizer 148 is not rotated) 
If, however, liquid crystal panel 146 remains somewhat birefringent when an 

15 electrical field is applied to it, then in general some components of visible light 
transmitted by switchable transflector 136 will have an incorrect polarization with 
respect to absorptive polarizer 140. In that case, reflective polarizer 144 is needed 
to reorient those components through the above-described recycling process so 
they are not absorbed by absorptive polarizer 140. 

20 In an ambient lit mode of the same transflective optical display, shown in 

FIGURE 11, backlight 132 is off and no electrical field is applied to switchable 
transflector 136. Switchable transflector 136 is therefore in a reflective state as 
described previously with reference to FIGURE 4. Exemplary ray 172 of randomly 
polarized ambient light is partially transmitted and partially absorbed by absorptive 

25 polarizer 138. If ray 172 strikes a clear pixel of LCD 130, the portion of light 
transmitted by absorptive polarizer 138 (shown as ray 174 having polarization state 
(b)) will also be transmitted by absorptive polarizer 140 Ray 174 continues 
through diffuser 134 and is reflected by switchable transflector 136, returning to 
absorptive polarizer 140 in the same polarization state in which it left. Ray 174 is 

30 transmitted back through LCD 130, creating a bright pixel to a viewer's eye If ray 
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172 were to strike a black pixel instead (not shown), ray 174 would be absorbed by 

absorptive polarizer 140. 

In this mode, diffuser 134 is needed to make pixels appear bright from 
various angles of v.ew. As in the backlit mode, if liquid crystal panel 146 rotates 
5 most of the light correctly, reflective polarizer 144 may be eliminated. Parallax 
between reflective polarizer 148 and absorptive polarizer 140 can cause sigmficant 
loss of brightness due to absorption of light in nearby black pixels, so U .s 
in^portant to make diffuser 134 and liquid crystal panel 146 as thin as possible. 
Accordingly, it may be advantageous to eliminate reflective polarizer 144 m order 
10 to place reflective polarizer 148 closer to absorptive polarizer 140. 

In a preferred embodiment, the switchable transflector comprises a pair of 
reflective polarizers which act as substrates to confine a liquid coastal matenal. 
This construction provides the least possible distance between reflective polanzer 
148 and absorptive polarizer 140. 
15 The transflective optical display of this invention may also be designed in a 

configuration in which reflective polarizers 144 and 148 are crossed, or m which 
absorptive polarizer 140 and reflective polarizer 148 are crossed, if reflective 
polarizer 144 is not used. In this case, the switchable transflector is unpowered m 
the backlit mode and powered in the ambient lit mode. 

in the optical display of FIGURE 9, the switchable transflector could be 
laminated or otherwise similarly adhered to or attached to the backlight and/or to 
the rear of the LCD device. Laminating the switchable transflector to the backlight 
eliminates the air gap between them and thus reduces surface reflections which 
would otherwise occur at the air/switchable transflector boundary. These 
25 reflections reduce the total transmission of the desired polarization. 

The invention will be further illustrated by the examples which follow. All 
measurements are approximate. 


30 


Example 1 

A reflective polarizer for use in the present invention was constructed The 
reflective polarizer comprised two 601 layer polarizers laminated together with an 
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optical adhesive Each of the 601 layer polarizers was produced by coextruding 
the web and by orienting the web two days later on a tenter. Polyethylene 
naphthalate (PEN) with an intrinsic viscosity of 0.5 dl/g (60 wt % phenoI/40 wt. % 
dichlorobenzene) was delivered by one extaider at a rate of 34 kg per hour and 
5 CoPEN (70 mole %, 2,6 NDC (naphthalene dicarboxylic acid), and 30 mole % 
DMT (dimethyl terephthalate)) with an intrinsic viscosity of 0.55 dl/g (60 wt. % 
phenol/40 wt. % dichlorobenzene) was delivered by another extruder at a rate of 
30 kg per hour. PEN was on the skin layers, which are coextruded as thick outer 
layers through the same feedblock and are folded in as both internal and external 

10 layers by the multipliers. Internal and external skins comprised 8% of the total 
thickness of the polarizer. The feedblock method was used to generate 1 5 1 layers 
which was passed through two multipliers producing an extrudate of 601 layers. 
U.S. Patent No. 3,565,985 describes similar coextrusion multipliers. All stretching 
was done in the tenter. The film was preheated to about 140°C in about 20 

15 seconds and drawn in the transverse direction to a draw ratio of about 4.4 at a rate 
of about 6% per second. The film was then relaxed about 2% of its maximum 
width in a heat-set oven set at 240°C. The finished film thickness was 46 ^im. 

The transmission of a single 601 layer film is shown in FIGURE 12. Curve 
a shows transmission of (a)-polarized light at normal incidence, curve b shows 

20 transmission of (a)-polarized light at 60° incidence, and curve c shows transmission 
of (b)-polarized light at normal incidence. Note the nonuniform transmission of 
(a)-polarized light at both normal and 60° incidence. Also note the nonuniform 
extinction of (b)-polarized light in the visible range (400-700 nm) shown by curve 
c. 

25 

Example 2 

Another reflective polarizer for use in the present invention was 
constructed. The reflecting polarizer comprised 603 layers and was made on a 
sequential flat-film making line via a coextrusion process. Polyethylene naphthalate 
30 (PEN) with an intrinsic viscosity of 0.47 dl/g (in 60 wt% phenol plus 40 wt% 
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dichlorobenzene) was delivered by an extruder at a rate of 38 kg per hour and 
CoPEN was delivered by another extruder at 34 kg per hour. The CoPEN was a 
copolymer of 70 mole %, 2,6 naphthalene dicarboxylate methyl ester, 15 mole % 
DMT, and 15 mole % dimethyl isophthalate with ethylene glycol. The feedblock 
5 method was used to generate 1 5 1 layers. The feedblock was designed to produce 
a gradient distribution of layers with a ratio of thicknesses of the optical layers of 
1.22 for the PEN and 1.22 for the CoPEN. This optical stack was multiplied by 
two sequential multipliers. The nominal multiplication ratio of the multipliers was 
1.2 and 1.4, respectively. Between the final multiplier and the die, skin layers were 
10 added composed of the same CoPEN described above, delivered by a third 
extruder at a total rate of 48 kg per hour. The film was subsequently preheated to 
150°C in about 30 seconds and drawn in the transverse direction to a draw ratio of 
approximately 6 at an initial rate of about 20% per second. The finished film 
thickness was approximately 89 i^m. 
15 FIGURE 13 shows the optical performance of this reflecting polarizer. 

Curve a shows transmission of light polarized in the non-stretch direction at normal 
incidence, curve b shows transmission of light having both plane of incidence and 
plane of polarization parallel to the non-stretch direction at a 50° angle of 
incidence, and cui^e c shows transmission of light polarized in the stretch direction 
20 at normal incidence. Note the very high transmission of light polarized in the non- 
stretch direction Average transmission for curve a over 400-700 nm is 87%. Also 
note the very high extinction of light polarized in the stretched direction in the 
visible range (400-700 nm) shown by curve c The film has an average 
transmission of 2.5% for curve c between 400 and 700 nm The % RMS color for 
25 curve b is 5% The % RMS color is the root mean square of the transmissivity over 
the wavelength range of interest. 

Example 3 

Yet another reflecting polarizer for use in the present invention was 
30 constructed The reflecting polarizer comprised a coextruded film containing 481 
layers made by extruding the cast web in one operation and later orienting the film 
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in a laboratory film-stretching apparatus. The feedblock method was used with a 
61 layer feedblock and three (2x) multipliers. Thick skin layers were added 
between the final multiplier and the die Polyethylene naphthlate (PEN) with an 
intrinsic viscosity of 0.47 dl/g (60 wt. % phenol/40 wt. % dichlorobenzene) was 

5 delivered to the feedblock by one extruder at a rate of 11 .4 kg per hour. Glycol 
modified polyethylene cyclohexane dimethane terephthalate (PCTG 5445 fi^om 
Eastman) was delivered by another extruder at a rate of 1 1 .4 kg per hour. Another 
stream of PEN fi-om the above extruder was added as skin layers at a rate of 1 1 kg 
per hour. The cast web was 0.2 mm thick and 30 cm wide. The web was 

10 uniaxially oriented using a laboratory stretching device that uses a pantograph to 
grip a section of film and stretch it in one direction at a uniform rate while it is 
allowed to freely relax in the other direction. The sample of web loaded was about 
5.40 cm wide (the unconstrained direction) and 7.45 cm long between the grippers 
of the pantograph. The web was loaded into the stretcher at about 100°C and 

15 heated to 135°C for 45 seconds Stretching was then commenced at 20% per 
second (based on original dimensions) until the sample was stretched to about 6:1 
(based on gripper-to-gripper measurements). Immediately after stretching, the 
sample was cooled by blowing room temperature air at it. In the center, the sample 
was found to relax by a factor of 2 0 

20 FIGURE 14 shows the transmission of this multilayer film where curve a 

shows transmission of light polarized in the non-stretch direction at normal 
incidence, curve b shows transmission of light having both plane of incidence and 
plane of polarization parallel to the non-stretched direction at a 60° angle of 
incidence (p-polarized light), and curve c shows the transmission of light polarized 

25 in the stretch direction at normal incidence. Average transmission for curve a 
fi-om 400-700 nm is 89.7%, average transmission for curve b fi-om 400-700 nm is 
96.9%, and average transmission for curve c from 400-700 nm is 4.0%. % RMS 
color for cur\'e a is 1.05%), and % RMS color for curve b is 1 .44% 
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Example 4 

A switchable optical panel of this invention was prepared by attaching a 
reflective polarizer comprising a multilayered optical stack as described herein to 
either side of an STN pixellated liquid crystal display having its absorptive 

5 polarizers removed. The reflective polarizers were secured to the LCD by 
adhesive tape along the edges of the polarizers. The polarization orientation of 
each reflective polarizer was placed in parallel to the alignment direction of the 
liquid crystal on each substrate so that the maximum visible extinction was 
obtained in the reflection mode when the reflective polarizers were crossed. 

10 The optical panel was placed in ambient light and monitored visually. With 

no voltage applied, the panel appeared to be partially transparent. When voltage 
was applied the panel switched to a mirror-like appearance. 

Example 5 

15 A mechanically switchable window was constructed as follows: A 

birefringent film of 1/4 wavelength at 560 nm from Polaroid Corp. was laminated 
to one side of a 10 x 10 x 0.16 cm transparent glass plate, A first reflective 
polarizer prepared as in Example 1 was laminated to the opposite side of the plate. 
A second reflective polarizer of the same construction as the first was laminated to 

20 a second transparent glass plate. The plates were held in parallel slots and were 
switched manually. 

The switchable window was evaluated by measuring light transmission 
through the window both in the "closed" and the "open" position The light source 
was a 12 volt tungsten-halogen lamp. The intensity of the transmitted light was 

25 measured with an amorphous silicon photodiode, which is sensitive to visible light 
only. In the "closed" position, the first plate was positioned parallel to the second 
plate with the birefringent film outward, or farthest from the second plate To 
switch to the "open" position, the first plate was flipped 180° so that the 
birefringent film was inward, or nearest the second plate and between the two 
30 polarizers. Two control transmissions were also measured through 1) two glass 
plates with no polarizers or birefringent film, and 2) two reflective polarizers with 
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polarization orientations in parallel, each laminated to a glass plate The second 
control was intended to simulate the presence of a perfectly birefringent film 
between the polarizers. The results are shown in the table below: 


Position 

% Relative 
Transmission 

1) "closed" 

5 

2) "open" 

32 

3)2 glass plates 

100 

4) 2 parallel polarizers on 
glass 

42 


The transmission of the two glass plates was referenced as 100% The % relative 
transmissions for 1), 2), and 4) were compared to that value. The window was 
demonstrated to be mechanically swifchable between 5 and 35% transmission For 
a theoretically perfect birefringent film, as demonstrated by position 4, the 
10 transmission was 42%. 
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We claim: 

1 . A switchable optical device (8), comprising: 
a switchable optical panel (10), comprising: 

a transparent optically active layer (12) having a first and a second 
major surface; 

a first reflective polarizer (32) disposed on the first major surface of 

the optically active layer; and 
a second reflective polarizer disposed (34) on the second major 
surface of the optically active layer; and 
means (19, 21, 23) for switching the panel between a reflecting state and a 
transmitting state. 


2. A switchable window (62), comprising: 
a switchable optical panel (68), comprising: 
15 a liquid crystal device (70) comprising first and second transparent 

planar substrates (72, 74) in parallel register defining a 
cavity therebetween, each substrate having an outer surface 
and an inner surface facing the cavity, and a liquid crystal 
material (76) confined in the cavity; 
20 a first reflective polarizer (82) disposed on the outer surface of the 

first substrate of the liquid crystal; and 
a second reflective polarizer (84) disposed on the outer surface of 
the second substrate of the liquid crystal; and 
means (90, 92, 94) for electronically switching the panel between an open 
25 state and a closed state. 

3, The window of claim 2, further comprising a pair of transparent 
panes (64, 66) in parallel register defining a space therebetween, wherein the 
switchable optical panel is positioned in the space between the panes and parallel 
30 thereto. 
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4. The window of claim 2, further comprising a first transparent pane 
and a second transparent pane in parallel register defining a space therebetween, 
each pane having an outer surface opposite the space, wherein the switchable 
optical panel is positioned on the outer surface of one of the panes. 

5 

5. The window of claim 2, wherein the electronic switching means 
comprises continuous transparent conductive layers (78, 80) on the inner surfaces 
of the substrates of the liquid crystal device and a system of driving electronics (90, 
92, 94) connected to the conductive layers for applying voltage across the liquid 

10 crystal device 

6. The device of claim 1, wherein the optically active layer comprises a 
liquid crystal device comprising; 

a pair of transparent substrates (14, 16) in parallel register and defining a 
15 cavity therebetween, each of the substrates having an inner surface 

facing the cavity and an outer surface; 
a conductive material (20, 22) on the inner surface of each substrate; and 
a liquid crystal material (18) confined in the cavity; 
and wherein the switching means comprises a system of driving electronics (19, 21, 
20 23) connected to the conductive material for applying voltage across the liquid 
crystal device 

7. The device of claim 6, fijrther comprising an optical retarder 
between the liquid cr>'stal device and one of the reflective polarizers 

25 

8. The article of claims I or 2, wherein the first and second reflective 
polarizers each comprise a multilayered stack of pairs (44) of adjacent material 
layers, each of the layer pairs exhibiting a refractive index difference between the 
adjacent layers (41, 43) in a first direction in the plane of the polarizer and 

30 exhibiting essentially no refractive index difference between adjacent layers in a 
second direction in the plane of the polarizer and orthogonal to the first direction 
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9. The article of claims 1 or 2, wherein the first and second reflective 
polarizers each comprise a multilayered sheet of alternating layers (41, 43) of first 
and second material, each layer having an average thickness of less than 0.5 nm, 
wherein the first material exhibits stress-induced birefringence and the sheet is 
uniaxially stretched. 

10. The article of claim 9, wherein the multilayered sheet comprises a 
stack of layer pairs for reflecting light having wavelengths in the range from 400 to 
800 nm, wherein each layer pair comprises a layer of the first polymeric material 
adjacent to a layer of the second polymeric material, wherein the stack comprises 
layer pairs with pair thicknesses distributed to reflect light having wavelengths from 
400 to 800 nm. 

11. The device of claim 6, wherein the conductive material comprises 
continuous transparent conductive layers on the inner surfaces of the substrates. 

12. The device of claim 1 , wherein the optically active layer comprises a 
uniaxially oriented birefiingent thermoplastic. 

13. A device, comprising: 

a switchable optical panel (10), comprising: 

a twisted nematic liquid crystal device (12) comprising first and 
second transparent substrates (14, 16) in parallel register 
defining a cavity therebetween, each substrate having an 
outer surface and an inner surface facing the cavity, and a 
liquid crystal material (18) confined in the cavity; 
continuous transparent conductive layers (20, 22) disposed on the 
inner surfaces of the substrates; 
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a first reflective polarizer (32) disposed on the outer surface of the 

first substrate; and 
a second reflective polarizer (34) disposed on the outer surface of 
the second substrate; and 
5 a system of driving electronics connected to the conductive layers; 

wherein the first and second reflective polarizers each comprise a stack of at least 
100 layer pairs (44), wherein each layer pair comprises a first positive birefiringent 
layer adjacent to a second layer, wherein each layer pair has a thickness in the 
range fi*om ICQ to 500 nm, wherein the stack is uniaxially stretched at a ratio in the 
10 range of 4:1 to 7:1 and wherein each positive birefinngent layer has an index of 
refi-action in the stretch direction that is between 0. 1 and 0.3 greater than the index 
of refi'action in the transverse direction, so that the panel is electronically 
switchable between a reflecting state and a transmitting state. 

15 14. The device of claim 13, wherein the first layer comprises PEN and 

the second layer comprises one of coPEN, sPS, and Eastar. 

15. A switchable optical device, comprising: 
a switchable optical panel, comprising: 
20 a liquid crystal device, comprising: 

a pair of reflective polarizers in parallel register defining a cavity 
therebetween, the reflective polarizers each having an inner 
surface facing the cavity and an outer surface; 
a liquid crystal material confined in the cavity; and 
25 transparent conductive layers on the inner surfaces of the reflective 

polarizers; and 

a system of driving electronics connected to the conductive layers, so that 
the panel is electronically switchable between a reflecting state and 
a transmitting state. 
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1 6. A switchable window (114), comprising: 

a first transparent pane (118) having first and second major surfaces; 

a first reflective polarizer (120) disposed on the first transparent pane; 

at least one shutter (116) comprising a second transparent pane (122), a 
second reflective polarizer (126) disposed on the second transparent 
pane, and a birefiingent layer (124) disposed on a side of the second 
transparent pane opposite the second reflective polarizer; and 

means for rotating the shutter to position either the birefiingent layer or the 
second reflective polarizer adjacent and parallel to the first reflective 
polarizer, so that the window is mechanically switchable between an 
open and a closed state. 

17. A transflective optical display ( 1 28), comprising, 
a liquid crystal display device (130) comprising a front absorptive polarizer 
(138), a rear absorptive polarizer (140) and a pixellated liquid 
crystal display device (142) located therebetween; 
a backlight (132) for illuminating the liquid crystal display device; 
an optical diffiiser (134) located between the liquid crystal display device 

and the backlight; and 
a switchable transflector (136) located between the optical diffuser and the 
backlight, the switchable transflector comprising; 
a non-pixellated liquid crystal device (146), comprising: 

a front substrate (150), facing the optical diflftiser, and a rear 
substrate (152) in parallel register and defining a 
cavity therebetween, each of the substrates having an 
inner surface facing the cavity and an outer surface; 
a conductive material (156, 158) on the inner surface of 

each substrate; and 
a liquid crystal material (154) confined in the cavity, 
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the non-pixellated liquid crystal device having a front alignment 
direction associated with the front substrate and a rear 
alignment direction associated with the rear substrate; 

a reflective polarizer (148) disposed on the rear substrate of the 
5 non-pixellated liquid crystal display device and proximate to 

the backlight; and 

means (156, 158) for electronically switching the transflector 
between a reflecting state and a transmitting state, wherein 
the polarization orientation of the rear absorptive polarizer 
10 is parallel to the front alignment direction of the non- 

pixellated liquid crystal device 


;7 - 
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